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Abstract: Antibiotic resistance of cyanobacteria has been a global threat to public health. The widespread
presence of cyanobacteria in aquatic environments exposes them to antibiotic contamination. The
cyanobacteria are also in direct contact with pathogenic bacteria containing Antibiotic-Resistance Genes
(ARGs) that gives them these characteristics. The study aims to the presence of some ARGs in locally isolated
cyanobacteria species, Spirulina laxa, Chroococcus minutes, Oscillatoria princeps, Oscillatoria proteus, Oscillatoria
terebriformis, Lyngbya epiphytica, and to compare the presence of these genes in two pathogenic bacteria,
Escherichia coli and Klebsiella pneumoniae. The results revealed the presence of The ampicillin (Ap) and
erythromycin (Em) resistance genes were detected in five algal samples. Meanwhile, the chloramphenicol (Cm)
and gentamicin (Gm) resistance genes were apparent in only two species. Genes encoding resistance towards
kanamycin (Km) and spectinomycin (Sp) were recorded in three specimens. The results also documented that
E. coli possessed the resistance genes for four antibiotics: Ampicillin (Ap), Erythromycin (Em), Gentamicin
(Gm), and Kanamycin (Km), whereas K. pneumoniae was resistant towards three antibiotics: Ampicillin (Ap),
Gentamicin (Gm), and Kanamycin (Km). The results show that there are a match in antibiotic resistance genes
in both cyanobacteria and pathogenic bacteria. suggesting the possibility that cyanobacteria could acquire
ARGs from the environment through horizontal gene transfer. Thus, freshwater cyanobacteria may play an
important role in the prevalence of ARGs in their environment.
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1. Introduction

The microorganisms to survive, can develop defense strategies against antibiotics called
resistance mechanisms. There are different ways to antibiotic resistance by prevent entrance of
antibiotic to the cells or DNA express the specific proteins, can inactivate antibiotics upon exposed
which determine the mechanisms of resistance. Antimicrobial resistance is a naturally happen
actions. However, increases in antimicrobial resistance are driven by a combination of bacteria
exposed to antibiotics, and the spread of those bacteria and their resistance mechanisms by DNA
mutation or horizontal gene transfer [1,2].

Considering its severe threat to public health and antibiotic treatment effectiveness, antibiotic
resistance is a significant concern in microbiology. Increasing use and misuse of antimicrobials and
other factor, such as pollution, create good conditions for Bacteria to develop resistance in humans
and the environment. non-resistance Bacteria and normal flora in water, soil and air, can obtain
resistance following touching with resistant bacteria. Human exposure to Antimicrobial Resistance
in the environment can occur through contact with polluted waters, contaminated food, and other
pathways that carry antimicrobial resistant microorganisms. Nevertheless, most studies on antibiotic
resistance focused on infection-causing bacteria in humans, animals, and plants [3]. Antibiotic
resistance has also been reported in other organisms, including fungi and cyanobacteria [4].

Cyanobacteria (also called Blue green algae: Cyanophyta) are photosynthetic Gram-negative
prokaryotes, are unique among microbial world and grow in diverse habitats with a crucial role in
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ecosystems. It can be found in aquatic system (freshwater and sea water), moisture soil and other
habitats such as epiphytes, epizoic and endozoic. cyanobacteria has wide range of diversity in
morphology from Unicellular, filamentous, Aggregates and colonial form. Most of it has no complex
DNA (single circular chromosome) so, they have ability to DNA transformation. their genome differ
in size from 1.4 to 12 Mbp [5,6].

The microorganisms perform photosynthesis, fixed carbon and produce oxygen, biofuel and fix
nitrogen gas, which increases soil fertility and treatment of industrial wastewaters by remove of
heavy metals, phosphate and ammonia, synthesize a wide group of novel secondary metabolites
compounds including antioxidants, Vitamins and other biologically active compounds has
antibacterial, antiviral, antifungal, and anticancer activities [7]. some cyanobacteria species can be
engineered for biotechnological objectives in using DNA recombination to activation of the newly
introduced genes of industrial interest [8].

Nonetheless, cyanobacteria form harmful algal blooms (HABs) under certain conditions,
producing toxins that could negatively impact humans, animals, aquatic health and ecosystems
moreover, decrease water quality, alter the bacterial community structure and disrupt recreation and
human health [9]. Although cyanobacteria do not directly cause human infections, they could still
develop antibiotic resistance. A reason for the phenomenon is the widespread utilization of
antibiotics in medical and veterinary purposes, and other various industries, such as agriculture,
aquaculture and promote the growth of livestock. The vast scale of antibiotic use and antibiotic
misuse speed up the evolution of antibiotic resistant bacteria (ARB) and antibiotic resistance genes
(ARG) in the aquatic environment including cyanobacteria and other microorganism. [10, 11].

The presence of antibiotic-resistant cyanobacteria in aquatic environments is concerning as the
microorganisms could contribute to the dissemination of resistance genes to other bacteria, including
those that are pathogenic to humans. Moreover, cyanotoxin production by particular cyanobacterial
species might be increased under high antibiotic concentrations in water environments [12].
Cyanotoxins are potent toxins that could harm humans and animals. so, the People exposed to the
algal cyanotoxins by eating impure foods or dietary additive, or by swallowing contaminated water,
may experience the following symptoms, such as Headache, nausea, Stomach pain, Neurological
symptoms including: muscle feebleness, dizziness, depending on the type of cyanotoxins involved
[13].

The current study aimed to investigate and detection of antibiotic resistance genes in some
locally isolated of freshwater Cyanobacteria (blue-green algae) species, then compare the results for
same Antibiotic Resistance genes in local pathogenic bacteria isolated from disease cases to discover
the presence and spread of these genes in some microorganisms (other than bacteria) in Iraqi
freshwater.

2. Materials and Methods

2.1. Algal Isolates

The blue-green algae species employed in this study:- Spirulina laxa G.M.Smith, Chroococcus
minutes (Ktz.) Naegeli, Oscillatoria princeps Vaucher, Oscillatoria proteus Skuja, Oscillatoria terebriformis
Agardh, and Lyngbya epiphytica Hieron. Algal samples were obtained from the postgraduate
laboratory of the Department of Biology, College of Education for Pure Sciences, University of Anbar.
The specimens were initially collected from Euphrates river in Ramadi city, Anbar province, west of
Iraq, for genetic and physiological research [14,15]. By micropipette washing technique, the algal
samples was isolate to get unialgal culture, subsequently, centrifuge washing technique for
purification the algal samples towards axenic culture, and confirm it by streak plating technique [16].
The study samples were cultured in BG11 medium (HIMEDIA, India) and prepared according to the
guidelines provided by the manufacturer. by using 100 ml of BG11 medium in 500 ml conical flask,
the cultures were incubated at 22 +2 °C with a 14:10 hours of light : dark cycle to obtain the biomass
required for algal DNA extraction. the biomass collected by centrifugation 5000 rpm for 5 minutes.
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2.2. Bacterial Isolates

The current study utilized Escherichia coli and Klebsiella pneumoniae strains from the Microbiology
Laboratory of the Department of Biology, College of Education for Pure Science, University of Anbar.
The source of E. coli and K. pneumoniae was UTI and Sputum, respectively. The bacterial isolates were
cultured in LB broth media, which consisted of 10% tryptone, 5% yeast extract, and 10% Sodium
chloride (NaCl). The 5 ml of bacterial cultures in 15 ml test tube were incubated at 37 °C for 18 hours,
then centrifuge it (8000 rpm for 10 minutes ) in 1.5 ml eppendrof tube to collect bacterial pellet for
DNA Extraction.

2.3. Genomic DNA Extraction

The algal and bacterial DNA samples were extracted from the cultures utilizing a genomic DNA
extraction kit supplied by Geneaid (Taiwan). The 100 mg of wet weight for algal culture and 1.5 mL
overnight culture for bacteria. The extracted DNA confirmed using 0.8% agarose gel electrophoresis
by dissolved 160mg agarose in 20ml TBE buffer. The extracted DNA stored in -20°C until use.

2.4. Polymerase Chain Reaction

Specific primers for six antibiotic-resistance genes were utilised during the polymerase chain
reaction (PCR) performed in the present study. The antibiotics evaluated were gentamicin (Gm),
spectinomycin (Sp), ampicillin (Ap), chloramphenicol (Cm), erythromycin (Em) and kanamycin
(Km). The primer sequence, name, and PCR product for each gene are listed in Table 1 [17]. The
reaction mixture was prepared using the Accupower® GOLD Multiplex kit supplied by Bioneer
(Republic of Korea) according to the manufacturer’s instructions. The PCR was performed using a
thermo cycler (DLAB- T1000-G, USA). The PCR program involved initial denaturation at 95 C for 5
min. and 35 cycles (Denaturation at 95°C for 1 min. annealing at 56°C for 1 min. then Extension at 72
°C for 1 min., and final Extension at 72°C for 5 min). the PCR products were run on 1.5% agarose gel
(300 mg agarose in 20 ml TBE buffer.

Table 1. The primers employed to detect the ARGs in the samples.

PCR product

Gene Primer Name Primer sequence (5’ 3') length (bp)

aacCl (Gm®)  gmrl F TC CAGAACCTTGACCGAAC 654
gmr R ATCACTTCTTCCCGTATGCC

aadA (SpR) aadAF TACCAAGGCAACGCTATGTTC 400
aadA R ATCAGAGGTAGTTGGCGTCAT

bla (ApR) bla F TTTGCCTTCCTGTTTTTGCTC 593
blaR AACTTTATCCGCCTCCATCC

cat (CmR) catF ATCCCAATGGCATCGTAAAG 553
catR ATCACAAACGGCATGATGAA

ermC (EmR) erm F CGCATCCGATTGCAGTATAA 885
erm R TCGTCAATTCCTGCATGTTT

npt (KmR) npt F TGAATGAACTGCAGGACGAG 515
npt R AATATCACGGGTAGCCAACG

3. Results

The studied isolated Spirulina laxa G.M.Smith (S. laxa), Chroococcus minutes (Ktz.) Naegeli (C.
minutes), Oscillatoria princeps Vaucher (O. princeps), Oscillatoria proteus Skuja (O. proteus), Oscillatoria
terebriformis Agardh (O. terebriformis), and Lyngbya epiphytica Hieron (L. epiphytica) was identified
depended on Bellinger and Sigee 2010 [18]. Then, the identification for studies samples confirmed via
amplified of 16srRNA gene post-chromosomal DNA extraction. The sequences were submitted to
NCBI for alignment and obtain the accession numbers [19]. The algal and bacterial DNA extract yields
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from the specimens in the present study were assessed in 0.8% agarose gel electrophoresis.
Subsequently, the DNA was employed as a template to detect the antibiotic resistance genes of
different antibiotics utilizing specific primers.

A previous study reported the ability of several blue-green algae species to grow in a BG11
medium that consisted of different concentrations of numerous antibiotics [20]. The findings
suggested that the studied algae possessed ability for antibiotic resistance. The PCR Resultantly, the
algal samples and pathogenic bacteria contained similar DNA bands for different antibiotic resistance
genes , which represent antibiotic resistance genes in both types of Microorganisms (see Figures 1-
3).

grm

Figure 1. The agarose gel electrophoresis (1.5%, 60 mins, 70 V/cm?2) results of the ARGs in Oscillatoria;
(1) O. princeps, (2) O. proteus, and (3) O. terebriformis.

ot erm cat aad pja grm

H

npterm cat aad bla grm

Figure 2. The agarose gel electrophoresis (1.5%, 60 mins, 70 V/cm?) results of the ARGs in (a) Spirulina
laxa, (b) Lyngbya epiphytica, and (c) Chroococcus minutes.

Ladder erm Cat npt bla gmr Aad A

Figure 3. The agarose gel electrophoresis (1.5%, 60 mins, 70 V/cm2) results of the ARGs in the
pathogenic bacteria (a) E. coli and (b) K. pneumoniae.
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The ARGs were detected in the algae and pathogenic bacteria samples evaluated in this study.
The bla gene ( ApR) was present in all algal samples ( Blue-Green Algae and Bacteria) but the ermC
gene (EmR) was not observed in O. proteus and K. pneumonia. While, the aacC1 (GmR) and cat (CmR)
genes were the least apparent in all algal samples, only two algal species for each gene. (Table 2). On
the other hand, the alga S. laxa and O. terebriformis has five out of six studied genes, whereas
O.princeps has only two antibiotic resistance genes was study.

The studied pathogenic bacteria E. coli and K. pneumonia has 4 Antibiotic resistance genes ( bla,
ermC, aacC and npt) and 3 Antibiotic resistance genes (bla, aacC and npt), respectively (Table 2).

Table 2. The ARGs in the locally isolated of Cyanophyta and Bacteria.

Sample Gene
Bla Cat ermC aacC1 aadA Npt

S. laxa + + + - + +
L. epiphytica + - + - - +
C.minutes + - + - + -
O.princeps + - + - - -
O.proteus + - - + + +
O.terebriformis + + + + + -
E. coli + - + + - +
K. pneumonia + - - + - +

(Note: + denotes the presence of ARG presence, while — corresponds to absent ARG).

4. Discussion

Freshwater Ecosystems play the important role in succour life by helping as agricultural
environments and providing a source of drinking freshwater. So, the pollution or changes in physical
and chemical factors for these ecosystem, including cyanoHAB causes a change in the interactions
between living microorganisms, which causes variations in the communities of the aquatic
environment and spread of AR [21].

The results showed the presence of antibiotic resistance genes in some studied species of blue-
green algae isolated from the local environment. This indicates the possibility of the spread of
antibiotic resistance in aquatic microorganisms in the local environment. The global distribution of
cyanobacteria indicates their ability to cope with a wide range of global environmental stresses, such
as high and low temperatures, nitrogen starvation, anaerobic stress and osmotic tension,
photooxidation, salinity and drought. They have developed a several of mechanisms by which
cyanobacteria defend themselves against environmental stressors [22].

Antibiotic contamination is a serious environmental and health challenge. Residual antibiotics
from municipal, industrial, and agricultural wastewater, and sewage discharge, are continuously
released into freshwater environments, where they contribute to the evolution and spread of
antibiotic resistance. Therefore, it has a serious impact on aquatic organisms, especially microalgae
and cyanobacteria, which play an important role as primary producers in the water ecosystem [23].
Antibiotics, also have significant negative effects on the growth of cyanophyta and their chlorophyll
content, and production of algal toxin like microcystin. Cyanophyta being more susceptible to the
effect as they are prokaryotic [24].

Two isolates of pathogenic bacteria resistant to antibiotics were used as a positive control to
identify the extent of similarity in the feature of possessing antibiotic resistance genes between
bacteria and blue-green algae. The results refers to the similarity in presence of antibiotic resistance
genes in both types of microorganisms ( Bacteria and Cyanobacteria). This might be indicate the high
level of contamination by antibiotics for local freshwater by different reasons, which led to the
transfer of the antibiotic resistance feature to microorganisms that did not possess this feature.

Antibiotics are occasionally employed in the industries to prevent bacterial infections.
Nevertheless, when antibiotics are released into the environment, they might exert selective pressure
on bacteria, including cyanobacteria, leading to resistance development [25]. Numerous studies have
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reported antibiotic resistance genes (ARGs) in cyanobacteria isolated from different environments,
including freshwater and marine ecosystems. The genes reportedly confer resistance to various
antibiotics, including tetracyclines, beta (3)-lactams, and macrolides [26-28].

Antibiotic resistance is a critical issue on a global scale, the ARGs are deemed environmental
contaminants that could be transmitted between antibiotic-resistant and non-antibiotic-resistant
bacteria via multiple mobile genetic elements (MGEs). Furthermore, the microorganisms are being
spread in various bodies of water, including surface, drinking, sewage, and natural water [29-31].
Antibiotic resistance in cyanobacteria could also impact the control of cyanobacterial harmful blooms
leads to damage the water ecology by consume oxygen in the water, and produce high concentration
of toxins which can kill fish and other living organisms [32].

Although cyanobacteria are ubiquitous in aquatic ecosystems and are exposed to pollution or
antibiotic resistance, their role in AR expansion in natural ecosystems remains unknown [33]. Some
studies hypothesised cyanobacteria might contain AR genes, considering their MGEs, such as
plasmids. The MGEs are the primary AR gene transfer mechanism between microorganisms. Some
reports suggested that plasmids might determine cyanobacterial resistance to antibiotics [34-36].

The plasmids play critical roles in transfer the ARGs among microorganisms by Horizontal gene
transfer. Some studies refers to presence the plasmids in Cyanobacteria, comprising a total of 256
plasmids distributed across 145 cyanobacterial species belonging to the Oscillatoriophycideae,
Synechococcales, Nostocales, Pleurocapsales, and Pseudanabaenales. More than 69 of which have
one or more extrachromosomal elements and 43 of these harbours large plasmids over 100 kbp, and
contribute to the distribution of antimicrobial resistance genes [37].

Several cyanobacterial species reportedly resist several antibiotics, including penicillin and
ampicillin [25]. For instance, a gene encoding penicillin-binding protein was recorded in a
Thermosynechococcus elongatus cyanobacterium [24]. Although the finding explained the weak [3-
lactamase activity in the bacterium, its physiological role has not been determined. Nonetheless, a
recent study reported that cyanobacteria are hosts of ARGs. Cyanobacteria are also associated with
CyanoHABs when the microbial community structures in freshwater are altered. as Accordingly,
other biotic (such as interactions with other microorganisms) and abiotic factors necessitate
investigation [38-40].

Promoting responsible antibiotic utilization in all sectors, including agriculture, aquaculture,
and human medicine, is essential in addressing the cyanobacteria antibiotic resistance issue. Proper
waste management and treatment could prevent antibiotic release into the environment. Monitoring
antibiotic resistance in cyanobacteria and other bacteria is crucial in comprehending the extent of the
issue and developing appropriate strategies to mitigate the impact. Nonetheless, no local studies have
addressed antibiotic-resistance genes in blue-green algae. The importance of the blue-green algae in
producing toxins might be linked to their resistance to antibiotics. Consequently, future studies could
focus on toxin-producing and antibiotic resistance genes in similar species.

5. Conclusions

In conclusion The prevalence of Antibiotic Resistance Genes (ARGs) in the locally isolated blue-
green algae species evaluated in this study resembled the pathogenic bacteria specimens. The results
highlighted the importance of this study. Significant similarities between antibiotic resistance genes
in cyanobacteria and pathogenic bacteria were observed in the present study. Nevertheless, future
studies on Antibiotic Resistance Genes of cyanobacteria in other localities are necessary and
correlation it with ability of toxins production and pollution of freshwater and the change in DNA
materials by natural selection towards appear a new generation of harmful cyanobacteria.
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